Abstract: This study was designed to determine whether the supplement of energy compound could attenuate strain-induced damage to skeletal muscle in rats. Energy compound is a saline mixture of the following ingredients: ATP (10 mg), Coenzyme-A (50 units), Coenzyme-Q 10 (50 mg), Cytochrome C (30 mg) and Vitamin B 6 (50 mg). Experimental animals were injured in right gastrocnemius muscles by a strain injury model. Energy compound groups were given energy compound 10 ml/kg body weight per day since injured, while saline groups were given saline at the same dose. And a sham operation was performed on the right hindlimb of control group. Plasma was centrifuged to measure lactate dehydrogenase (LDH), lactic acid (La) and creatine kinase (CK) on 3, 7 and 14 d post injury. Muscles were removed and fixed for histology observation and immunohistochemistry assay of desmin and vimentin. The results showed a similar tendency of plasma CK, La and LDH in saline and energy compound groups, while the lower level was found in the energy-compound group. The histological examination of muscle sections revealed a lower degree of damage in the energy compound group in which the expression levels of desmin and vimentin were higher than in the saline group. It is suggested that energy compound supplement may attenuate strain-induced muscle damage and facilitate its regeneration.
Introduction
Muscle strain is a common injury. It often occurs when muscle is elongated passively or activated during stretch. In fact, anyone can get strains from daily work, athletic sports or even from simply, everyday life. It is reported that strains can account for up to 30% of all injuries seen in hospital 1) . Strains and other musculoskeletal ailments can lead to serious pain and disability, causing lost time to both occupational and leisure activity participation. In Canada, the direct and indirect cost is estimated as being up to $99.6 billion a year 2) . On the other hand, the increased emphasis on fitness has led to several hundred million individuals involved in organized sports and regular exercise. How to prevent and facilitate the activityrelated injury becomes more important, and extensive studies and experiments have been done to explore the mechanism involved in muscle strains.
In this study, we investigated whether the supplementation of energy compound could attenuate strain-induced damage to skeletal muscle and facilitate its regeneration. Energy compound, in which the main ingredient is ATP (10 mg), Coenzyme-A (50 units), Coenzyme-Q 10 (50 mg), Cytochrome C (30 mg) and Vitamin B 6 (50 mg) per 100 ml saline, is usually used as an auxiliary therapy to treat energy metabolism dysfunction caused by cardiovascular and cerebrovascular diseases, myocarditis, renal failure and other diseases in China. It is reported that supplementation of energy compound has a protective effect on ATP activity and ultramicrostructure in skeletal muscle ex vivo 3) . However, its protection for skeletal muscle in vivo has not been fully addressed yet. Therefore, the purpose of this study is to provide information from experiments using animal models that improve our understanding of the mechanism of straininduced injury and studies of injury prevention.
Subjects and Methods
56 adult male Sprague-Dawley rats weighing 250 to 300 g were used in this study. All animals were housed in cages and allowed free access to standard rat food and water. After 2 wk of acclimation, the rats were divided randomly into groups. One group (n=8) served as the control group (control group). The other 2 groups were designed separately as saline group (n=24) and energy compound group (n=24).
The experimental procedures were reviewed and approved by the Peking University Health Science Center for Animal Care and Use Committee.
Development of an animal model for skeletal muscle strain injury
The model used was developed in rats according to the method described by Almeskinders and Gilbert 4) . A controlled strain injury of the gastrocnemius muscle was produced on the right hindlimb of saline and energy-compound group while a sham operation was performed on the right hindlimb of control group. The animals were anesthetized with chloral hydrate (400 mg/kg) injected intraperitoneally. The right hindlimb was shaved and the distal tendon of the gastrocnemius muscle was exposed and separated from other tendons and tissues through a 0.5 cm incision, which was kept moist by 37˚C normal saline. The rat lay on the back on a specially adapted platform attached to the materials testing machine (Bei Hang University, Peking). A needle was inserted transversely through the distal femur of the right leg and the needle was secured to a frame on the machine. The distal tendon of gastrocnemius was connected to the load cell by a surgical silk and the muscle was pulled at a speed of 6 cm/min under the control of a computer until the horizontal plateau of recorded load-elongation curve was reached. Then the needle and the surgical silk were immediately removed and the gastrocnemius muscle was gently laid back into its bed. Subsequently, the incision was closed after desinfection. Gastrocnemius muscles of the control group were treated by the same procedure but without the strain injury. Each animal was given benzylpenicillin for 3 d to avoid infection and allowed to feed and move freely. In this model of muscle strain injury, experimental injury was limited in degree to the plastic region of muscle deformation. This simulated the clinical situation where most common injuries to the musculotendinous region are partial tears but not complete ruptures 5) .
Experimental protocol
In the energy-compound group, the animals were given energy-compound 10 ml/kg body weight per day by intraperitoneal injection since the day of injury. The saline group received an equal volume of normal saline as the energy-compound group. Eight randomly selected animals in the energy-compound and saline group were sacrificed 3, 7 or 14 d after the injury, while the control group was sacrificed 3 d after the sham operation. Blood obtained from the descending aorta of rats were centrifuged immediately and the plasma was frozen at -80˚C until analysis. Plasma acid concentration and lactic dehydrogenase were measured to analyze the status of muscle energy supply. Creatine kinase (CK) activity in the plasma was determined as indicators of muscle injury. The right gastrocnemius muscles of each group were removed and fixed on day 3,7 and 14 for histology examination or immunohistochemistry assay.
Chemical analysis
Plasma La, CK, LDH levels were analyzed using a detecting kit obtained from Nanjing Jiancheng Bio-engineering Institute (Nanjing, PR.China).
Immunohistochemistry assay
After anesthesia and perfusion of phosphatebuffered 4% paraformaldehyde through the aorta, the medial head of right gastrocnemius muscles was removed and immersed in freshly prepared buffered formalin. The fixed muscle samples were embedded routinely in paraffin and cut into 6 /im sections. The expression of desmin and vimentin were monitored by immunohisto-chemistry using specific antibodies 6) . The first antibodies used to detect desmin and vimentin were rabbit antibodies (Sigma Immunochemicals, St. Louis, MO) at a dilution of 1/100 overnight. Following several rinses in phosphate-buffered serum saline (PBS), a goat anti-rabbit was used at a dilution of 1/200 for 2 h. The visualization of the immunohistochemistry was done by microscopy.
The amounts of desmin and vimentin immunoreactivity were computerized as index of regeneration. To measure the area of expression/field under microscope, 33-36 random fields (equal size area 331,647.57 µm 2 ) were selected for each group. Images were rendered to monochrome, the features extracted, and the absolute area of positive staining collected in each image field. We collected the positive area and the mean optical density of each selected field (LEICA Q550CM, LEICA, Germany), and the product of their multiplication, called integral optical density, was used to indicate the expression level of each protein.
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Data analysis
All data were expressed as mean ± SD. Statistical analysis was performed by SPSS (Version 11.0) statistical software, and comparisons were made using two-way ANOVA. p values less than 0.05 were considered to be significant.
Results
Plasma CK
On day 3, plasma CK activity increased significantly in saline group and energy-compound group compared to the control group. On day 7, plasma CK tends to decrease in these two groups but still higher than the control group. On day 14, plasma CK activity decreased to the basal level. Lower plasma CK activity was found in the energy-compound group than in the saline group on day 3 and day 7 (Fig. 1 ).
Plasma La
In the saline group, plasma La increased significantly on day 3 and began to fall on day 7 but still higher than the control group. And no significant difference was found on day 14. In energy-compound group, there was a significant higher level of plasma La on day 3, while no difference was shown on day 7 and day 14 compared to the control group. Plasma La was lower in the energy-compound group than in the saline group at these three-time points (Fig. 2) .
Plasma LDH
On day 3, plasma LDH increased significantly in saline group and energy-compound group compared to the control group. On day 7, plasma LDH tends to decrease in these two groups but was still higher than the control group. On day 14, plasma LDH activity decreased to the basal level. Lower plasma CK activity was found in the energy-compound group than in the saline group on day 3 and day 7 (Fig. 3) .
Histological evaluation
On day 3 after injury, histological observation showed the following changes in the saline group: muscle fiber rupture, intense inflammation with limited muscle fiber necrosis, infiltration of leukocytes and hemorrhage. Muscle regeneration was also shown in the sections but most of myotubes were small with little cytoplasm (Fig. 4-B) . In the energy-compound group, inflammation was present with minor fiber necrosis and swelling. Muscle regeneration was found active with obvious phenomenon of fiber fusion (Fig. 4-C) .
On day 7 after the injury, there were still manifestations of inflammatory cells infiltration and endocytosis in the saline group, but not as serious as on day 3 (Fig. 4-D) . In the energy-compound group, inflammation was present in local area, and the regenerated myotubes were rich in cytoplasm with scattered nucleus (Fig. 4-E) .
On day 14 after the injury, there was limited inflam- mation in the saline group, and obvious fibrosis was present in the zone of necrosis (Fig. 4-F) . In the energycompound group, infiltration of inflammatory cells was hard to see, most of the regenerated fiber developed well with obvious striations. And scar tissue was shown in the injured zone, but the area was smaller than that in the saline group (Fig. 4-G ). There were obvious ultrastructural changes in muscle specimens from the saline rats at study day 7, characterized by collapse and disarray of sarcomeres, fiber vacuolar degeneration and occasional disorganization of Z-disc. Swollen mitochondria with disorganized cristae, mitochondrial membrane segmentation were also observed, as well as lightly accumulated chromatin and actively regenerated myoblasts. In the energy-compound group, disorganization of sarcomeres was also present with occasion- al vacuolar degeneration. Most mitochondria appear normal. Thick crista is seen in some enlarged mitochondria with many electron-dense vesicles. The regenated muscle fibers are rich in cytoplasm.
Effect of energy-compound on desmin and vimentin expression
In sections from the control group, desmin immunostaining was positive with a normal stained pattern while vimentin was nearly negative under the naked eye.
After injury, the desmin expression in saline group was notably decreased on day 3 but enhanced significantly on day 7, then decreased again on day 14 but still higher than the control group. The desmin expression in energy-compound group was significantly higher than that in the saline group at these three time points (Fig. 5) .
After injury, the vimentin expression in saline group was notably increased on day 3, and then decreased from day 7 to day 14, but still higher than that in the control group and energy-compound group. In the energy-compound group, the vimentin expression was significantly increased on day 3. On day 7 to day 14, the vimentin expression decreased to the basal level with no significance in comparison with the contol group (Fig. 6 ).
Discussion
Muscular injuries are very common in athletic sports, training, daily work or even everyday activities. How to prevent and facilitate the muscle injuries have become more important in present sports medicine and occupational medicine. Because of the convenience and maneuverability, animal models play an irreplaceable role in mimicking muscle injuries in the human. These models enable us to study the biomechanics characteristics and histological changes involved in muscular injury and its rehabilitation. However, the problems in extrapolating animal data into human can not be neglected for the differences between laboratory-induced injuries in animals and human injuries. For this reason, it is very realistic to establish animal models that faithfully mimic the relevant human conditions.
The research was designed to determine whether or not supplementation with energy-compound could attenuate strain-induced damage to skeletal muscle in rats. The variables examined included plasma CK, La, LDH and ultrastructure changes. The major finding of this investigation was that the production of plasma CK, La and LDH significantly increased on day 3, 7 after straininduced injury, with less increase in energy-compound group than saline group (p<0.05). The histological findings suggested that minor fiber necrosis, swelling, limited inflammation reaction and obvious phenomenon of fiber fusion in energy-compound group on day 7 after injury. The expression of vimentin and desmin also indicated a better muscle regeneration in energy-compound group.
CK is an enzyme which catalyses the reversible transfer of the phosphoryl group from phosphocreatine to ADP to regenerate ATP 7) . Many investigations suggest that this enzyme is a basic diagnostic indicator useful in early detection of changes caused by pathological change of the muscle [8] [9] [10] . In this experiment, we observed a significant increase of CK in saline groups on day 3, and then decreased on day 7. This suggests that our strain injury model had caused pathological damage to the gastrocnemius muscle. This conclusion can also be found in the changes of LDH, which showed a similar tendency as CK in saline group. As a key enzyme involved in the process of lactic acid clearance, LDH is often used as an indicator to evaluate the anaerobic capacity in skeletal mus- cle 11) . On the other hand, a significant increase of lactic acid was observed in saline group on day 3 and day 7. This phenomenon may be caused by the acceleration of glycogen break-down to supply ATP, in which lactic acid is generated as an intermediate product. The accumulated lactic acid resulted in the decreased pH, and aggravated the development of muscle damage 12) .
The CK, lactic acid and LDH levels in the energy-compound group were lower than in the saline group on day 3 and day 7 after injury. We can conclude that the administration of energy-compound may attenuate the straininduced damage to the gastrocnemius muscles. This may due to the combined action of ATP, Coenzyme-A, Coenzyme-Q 10 , Cytochrome C and Vitamin B 6 . The protective action can be discussed as follows.
In physiological condition, the membrane potential and the contents of K + , Na + , Ca 2+ and Mg 2+ were modulated actively by two important enzymes, Ca 2+ -ATP and Na + -K + -ATP, which got energy from ATP. During injury, the depletion of ATP caused the enzymes inactivated to transfer the ions regularly, then cellular swelling and structure damage occurred by the influx of water into cytoplasm 12) . Therefore, ATP administration can ameliorate the status of metabolic dysfunction occurred in muscle damage.
Coenzyme Q 10 (CoQ 10 ), is an essential cofactor produced endogenously and provided in the food chain. As the electron acceptor for mitochondrial complexes, it plays an essential role in cellular energy production as an electron and proton carrier 13) . CoQ 10 also has membranestabilizing properties and acts as an antioxidant in both mitochondrial and lipid membranes 14) . Animal experiments 15, 16) and clinical trials 17, 18) have shown that the administration of CoQ 10 can inhibit the elevation of serum creatine kinase activity, lipid peroxidation and reduce exercise-induced muscular injuries. The protective effect of CoQ 10 may be its inhibition of Ca 2+ overload induced by impaired ATP-dependent pumps according to lowered ATP 19) .
Coenzyme A is a coenzyme, notable for its role in the synthesis and oxidation of fatty acids, and the initiation of tricarboxylic acid cycle (TAC) which produces more than 90% of the body's energy. The supplementation of Coenzyme-A help the cells efficiently deliver fuel from aerobic and anaerobic metabolism to the TAC cycle for energy release 20) .
Cytochrome C (Cyt-C) is an important part of Complex III electron transfer chain, and is encoded by nuclear gene. Its active form resides in mitochondrial inner membrane, and combined with Cyt-C oxidase. Cyt-C is used as a respiratory activating enzyme treat hypoxia 21, 22) . Cyt-C in this energy compound may assist the maintainance of normal function of mitochondrial respiratory chain.
Vitamin B 6 (Vit B 6 ) is the derivative of pyridine, acts as a coenzyme in transamination, decarboxylization and racemization. So Vit B 6 is considered to be associated with energy metabolism. It has been reported that Vit B 6 plays an active part in promoting amino acid metabolism and recovery of peripheral nerve 23) . In other paper, administration of Vit B6 can enhance the utilization of selenium, increase glutathione peroxidase (GSH-Px) activity in erythrocyte, skeletal muscle, myocardium and testis 24) , and decrease lipid peroxides levels 25) . Therefore, Vit B 6 can lessen the damage to cellular structure and promote the regenerative process by reducing the lipid peroxides levels.
From the histology observation, we can see that the administration of energy-compound attenuates the degree of inflammation occurring in skeletal muscles after injury and facilitates the regeneration process.
Desmin and vimentin are two intermediate filaments, abundant in fetal skeletal muscle, almost undetectable in mature skeletal muscle which increase in regenerating and partially damaged skeletal muscle fibers. This combination of these two intermediate filament proteins has been used as a marker for regeneration of muscle fibers 26) . In this experiment, we observed lowest expression of desmin in injured groups on day 3 while the expression of vimentin was highest. In contrast to the decrease of vimentin, the expression of desmin increased significantly from day 7th to day 14th after injury. This opposite regulation of these two intermediate filament proteins, concurrent with the differentiation of skeletal muscle, has also been confirmed by other studies [27] [28] [29] . Compared to the saline-group, the high expression of desmin and vimentin in energy-compound group indicates that energy-compound could help facilitate muscle regeneration through its effects of protecting muscles from primary and secondary injury and maintaining the maximum muscle regeneration abilities.
Taken together, our findings provide evidence for positive effects of energy-compound on skeletal muscle preservation and functional outcome after strain-induced injury, reflected by a proportionally smaller lesion scar and increased regenerative capacities. Considering the proven safety and efficacy of ATP, CoA, VitE, CoQ 10 supplementation in clinical trials, energy-compound may be considered as an adjuvant therapy in the treatment of muscle damage in the clinic in the future. However, these suggested mechanisms of action are speculative as the components of the energy compound were not measured in muscle and so we do not know if their content in the muscle increased or not. Future studies will be aimed to prove these and to determine the optimal dosage and the effects on long-time behavior of energy-compound administration in animal models of muscle damage.
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